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INTRODUCTION
» - A

The Monsanto Company, Seattle Plant, is a producer of Vanillin, a material used in
food ‘ﬂovoriﬁgs and pharmaceuticals. . A by-product of their pnoductic?n is a thixotropic
solution of calcium lignosulfonate.. Since calcium lignosulfor&l:fe is the base chemical
A-éombosifion' of many admixtures used in the concrete indusﬁy, Monsanto desired. to

determine the. viability of their by-product as such an admixture.

At present, Lone Star Industries, |Inc. is using the by-product in their Seattle,
. Washington, Cement Plant. The by-product is added to the cement production proéess at
“the slurry line. [t is blended with the raw materials for calcining. The addition of the
-by-product to the cement plroducii‘on proceés has not been shown to be detrimental to the

cement, neither has it been shown to enh ance any cement properties. This report details
the results of a study to determine the effect of treatment of cement with the Monsanto
by-product. It also reports the results of the use of the by-product as an admixture
<introduced into fresh >c'oncrefre. - . S
" The study was conducted by Concrete Techndlogy’ Corporation of Tacoma,
‘Washington. Mr. Bruce E. Pallante, Senior Process Engineer, represented the Monsonto

Company to Concrete Technology Corporation and was principal [liaison.

SUMMARY AND CONCLUSIONS

- Investigation of the 4Iigrlzosulfonote based by-product was |elementary in Scope, the
purpose being to discern the effect of treatment, if any, upon the physical properties of
concrete made with |) cement manufactured using the by-product in the producﬁﬂonA
process, and 2) concrete manufactured using the by-product as a water reducing
odmixture. ‘ ' .

_ The investigations centered on def ning chqhges in the ccncrefe's: strength, worka-
bilffy,- ond times of set. The strength evaluation was based upon com;:)ressive s'rlreng'th,
tensile splitting strength, and elastic modulus of 4 by 8 in. cylinders produced. over a range
of cement contents and doSages of by-product. The effects on the properties of the fresh
{plostic) concrete were determined by tests for density (unit weight), air content, slump,
_and time of initial and final set. All tests were in complionée wi'fh: ASTM standards’

-except time of set, which was simply-an empirical observation.

| TEFFSEEEENNEN
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".slurry line. It may also help keep the slurry in suspension.

. This was done because no other samples were avcllable.

. formulation.

Defmiﬁons of the properﬁeé tested are found on page 3. x_ .

The conclusion drawn’ from the siudy of the cement mode w
to the raw cement materials is that the by-produc’f IS not def

cemeht. No evidence was shown of enhancement of any proper?y

may aid cement production by reducing water requirement for | gi

Further study of .cement made with the by-product additio
fufure work should be conducted on cement from one’production r

The r

explcmed under compressive strength tesf resul'rs.

The tests conducted with the by~ producf "added to fresh concret v
by-product has some capacity for chcngm the slump of plastic concrete. The chung H 2

slump was small, however, for the quonhty of by producf used. T
as admixtures presently used in the mdustr)L,and shows no porhcul
if the'trcce.solvenfs were'irembved the base lignin
better.
investigation.
detrimental effects. These questions ore dtscussed in the report
property affecfed :

[

|

There is also indication” thot Iorge doses of rhe

un, before ‘

hus it is not as effechve
ar promise -in its present

would probably pefform‘

That question remains unonswered _since it was beyond the scope of the

by-product may cause,

AGC2E000162




ENENEENENNNN

sdudre inch (psi) and designated f::. Standa
. F3

-diametrical’ compression stresses, the abi

-per cubic foot (pcf). Standard Method of T

DEF,

Cement: A powder of -aluming, silica, lime, iron oxide, and magnesia burned together ina .

INITIONS

RN |

{

- t

t

.-kiln and finely pulverized and used as an ingredient of mortar and concrete. Vo

Concrete: A hard sfrong bu:ldmg mater

portland cement) and a mineral aggregate {as sand and gravel) with sufficient water to-

~ cause the cement to set and bind the entire mass. -« -

Compressive Strength: The measured m

axial Joading, expressed as force per u

- i
|

aximum resistance of |a concrete specimen to

nit cross sectional area. It is the specified

. 1
resistance used in design calculations. In 4he United States, it is expressed in pounds per

Tensile Splitting Strength: The maximum

‘Method of Test, ASTM C 496.

Density: The mass per unit volume of con

rd Method of Test, AS'i’M 'C 39.
: : !

1

'
i
\

l

crete, expressed in fhe United States as pounds
est, ASTM C [38.

l

Slump: A measure of consistency of fr

eshly. mixed concrete nequol to 1he subsidence

measured to the nearest I/4 in. of a molded truncated cone. The mold is in the form of

the lateral surface of the frustrum of a cone with the base 8 in. |n diameter, the top 4 in.
in dlameter, and the helgh'r 12 in. Stondorcl Method of Test, ASTN C 143.

Air Contenr' The volume of air voids in cement paste or concrete, exclusive of pore

space in aggregate. Usually expressed as
concrete. Standard Method of Test, ASTM

ia percentage of tfotal| volume of the paste or
c 23l - o '
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observation indicating the time in hours

" Time of Set: A 'degre_e‘gf stiffening of concrete generol!y} stated as an empirical -

and minutes réqui'red; for concrete to stiffen

sufficiently to resist peneﬂiation by laboratory penetrometers. Standard Method of Test,

- ASTM C 403.

Elastic Modulus: The ratio of normal

compressive stresses below the propérti

stress to corresponding strain for tensile or

onal limit of the material. The modulus is
- -expressed as pounds of force per unit of area (psi) in the United States. Standard Method
-of Test, ASTM C 469. '
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PART I

"~ Cement with By-i!)roducf/Cément Withott
T - A g |
]

INVESTIGATION.FORMAT -

!

This experiment corﬁporéd concreLes: made \‘Nifh “type lil- cement .in which the i
Monsanto by-product was used in the manufacturing process (hereinafter referred to as -
cement or concrete "M") to a cement without the by-produét (hereinafter referred to q:s |
cement or concrete "C"). ‘ -

Two control concretes weré produced containing 4.5 ond 6.5 sacks per cubic yard of
cement C. Two additional botcheé of concrete were ‘produced ‘at thé same cement
content using cement M. The four batches were compared for|unit weight, air content,

- and slump. Six 4 by 8 in. test cylinders J:nd two 6 by 12 in. cylinders were molded from
each of the four batches and tested for strength at l,'7, and 28 days maturity. The
strength specimens were ambient cured for 24 hours before removing from molds. After
mold.removal, the specimens.were stored in 73 deg F lime-saturated water until time of
test.

'i
|

|
TEST RESULTS i
S !
i
|

A. -Compressive Strength -

Compressive test results of the 4 by 8 in. cylinders indicate the concrete made with -
cement M is not of the same quality as con crete made with cement C. At 28 days age and
4.5 sack cement content level, concrete|C developed 900 psi more than concrete M, a

substantially, higher figure. The 28 day results of the 6.5 sack mixes were somewhat

~ better Wifrh concrete C developing only 1&6l0 psi greater strength,| However, at the earlier
ages of | and 7 days, concrete M outperformed concrete C.

It is suspected the two cements vary in their tricalcium silicate and/or tricaicium

aluminate content. Examination of the cément mill certificate does not reveal any large
variations in the potential compound composition of the cement|utilizing the by-product.

These chemical compounds contribute | the Amos't to early| strength 4development;.

AGC2ED00165
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-the above.
satisfactory. Strength data are presented in Table I. -Figure |
results. Cement mill certificates are appended.

However, it sﬁould be emphasized that the pojéntiolcompound

mill certificates are only calculations and not medsirements.

‘which are not yet fully understood, the
cement can differ appreciably from that given by calculations.

very small changes in raw materials can

finished cement.

" yough indications of the amounts of various minerals present

Thus, .it .is possible

actual mineralogical

produce large effects

compositions reported on
As such, they give only
n cement. For reasons
composition of portiand
t is also emphasized that

in th? properties of the

for two cements with nearly identical mill

certificates to differ markedly in their rate of strength developmerit. :

The early strength advantage demonstrated by concrete.

B.

Tensile Splitting Strength

may be attributable to

The 28 day strength, though less than the control concrete, is quite

presents a graph of the

Tensile splitting strengths for concrete M are comburqble' to those found for

_concrete C. The small differences are quite probably due to the|

vagaries of sampling and

testing. The data are found in Table 2. Resuits are graphed in igure 1.

TABLE |
.- Compressive Strength
- | Day 7 Days .~ 28 Days.
Individual | Individual Average | - Individual | Average
{psi) (psi) {psi) ‘ (psi) (psi)
'. . (610 | T suso0
4.5 sack cement C 1310 6730 6670 8240 8340
-. | _ 6010 © 7520 -
4.5 sack cement M 1430 6010 6010 | 7360 7440
' . ' 8800 10590 '
6.5 sack cement C 1950 8960 8880 10470 I053Q
' ' ' 9310 ' 10430 ;
6.5 sack cerpent M 2990 19160 . 9240 9710 10070
6
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C. .Dens,itz'

- D.  Slump

- E. Air Content

-or found. Data are located in Table 3.

F.. Time of Set

TABLE 2

. Tens[ile.STreng?h

ll.Sjsc.l‘c'k cement C '

4.5 sack cement M 630 ;!:vsi
6.5 sack cement C 710 ;:Jsi
~46.S sack cement M 790 1:'\»51

The mass per unit volume of concrete produced with both cements at two cement

content levels was normal in both the plasti¢ (wet) and hardened states. There was no-

-manufacturing process. The density ddfq,are found in Table 3.

- indication of variation in density due |to .addition ‘of the by-product to the cement

The plasticity of the fresh concrete was as expected with no.difference noted

Table 3.

-between. the two cements at either cement content. level: Slump data are found in

Air content fests were conducted on all four batches of concrete usiﬁg
ASTM C 213-75, Pressure Method. No significant deviations from normal were expected

Al batches of concrete disployed normal set times for type Il cement. No

difference was apparent between ‘the conven'ti_onhl cement 'cm!d the by-producf treated

cement or between cement content levels.

- Data are located in Table 3.
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TABLE 3

" Cement | Density | -Density

" Content - Wet. Hard Slump -

Time of Set _i

NN N NN B AW NS AN SN SN S R R R E B

4.55xC 155.21 156.0 - | 1.25in. | 2 hrs 10 min
S 4.5sxM | 155.9 153.5 1.25 in.. 2 hrs
6.55xC | 155.9 155.5 1.0 in. "2 hrs
6.55x M 155.2 ©154.3 1.0 in. 1.1% | 2 hrs 15 min
o T !
1
i
|
|
!
[N
9
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. USe of By-pr

ART Il

oduct as Admixture

- INVESTIGATION FORMAT

Four batches ‘of concrete were pro|

The only variablé was the amount of by-;l)roducf added to the ¢

(proportions) used is appended. The addit
The

After measur}

were 0 oz, 8 oz, |6 oz, and 32 oz.

dosage control specimen.

fresh concrete, six 4 by 8 in. cylinders and two 6 by 12 in. cylinc
in a saturated. lume-wufer solution in cccciwdonce with ASTM C

-and 28 days motunty.

TEST RESULTS ..

A.

Compressive Strength

Compressive strength of the concre
“levels indicated the material does not aid
concrete strength development. All conc
: The ¢
"The 8 and 16 oz dosages of by—prodbct

or less than the control concrete.

apparently equal strengths were felt to be

duced using the same

treated specimens we

mix de5|gn (proport:ons)
oncreie. The mix design
on rates of by-product per 24 Ib sack of cement
re compared to tHe zero .
ng unit weight, sfump, and air content of the
ers were cast and stored

92-69 and tested at |, 7,

te made with the by- producf added at 3 dosage

and, in large quontmes, may be detrimental to

retes containing the by produc'r Tested equal to

ontrol specimen at 28; doys tested at 3, 120 psi.
yielded 8,840 and 9 !§0 psi, respec‘hvefy.

The
from the same populo':ﬁon of Strengfh values as

the control specimen. The 32 oz treatment yielded only 8,060 ps?, approximately 1,000 psi

less than the control,

8, and l6 oz 'trie

atments. . The concr?ete containing 32 oz of

by-product per sack of cement displayed ia glossy, bubbly appéart’:nce indicating a reaction

with the cement. This reaction appeared

numerous vonds. These v0|ds are believed

, A concrete producer using 1he by-
would have to use at least one sack of
concrete without the by-product. Thus, n

to be generating gas, leaving the matrix with -

to account for the lower strength.

product at the 32 oz 'per sack treatment level
cernent more to och;eve the same strength as
o strength benefit is demonstrcted from the use

10-

i
.
‘_
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B. Tensile 5pl iﬂing S}reng‘th

_split matrix displayed large  voids when

C.  Densities

large treatments.

The strength data are.found in Table

-of the by-product and a question is raised regarding possfbie jdetrimental effects with o

|
|

4 and graphed in Figure 2.
|

|
i
'.

Split tensile tests indicate the 1ens:le strength of 1relofed concrete remained

unchanged except at the 32 oz per sack tre

speqlmen was 26 percent lower than the ¢

splitting data are found in Table 5 and graphed in Figure 2.

ontrol, 8, and 16 oz p_Lr sock treatments. The

The fresh unit weights of the plastic concrete were normal in all cases. The

hardened unit weights were determined

the measurement of | the concrete's heaviest

28 days. ~That condition makes ‘possib_le‘

weighf.' The concretes with 0,.8, and 16 oz doses of by-product responded normally with

'slight increases in mass due to absorption. The conc_rete. \I;Niﬂ'l the 320z dose of

by-product apparently absorbed very littie water. The lighter vxjmi'r 'wei'ght of the 32 oz

treatment corresponds closely with its lighter wet unit weight but the concrete actually

-Jost mass during the interim. This is belie
- specimen. These voids apparently have

unfilled during the soaking periéd. That.ra
dosages may tend to enhance impermeabi

ved due to the presénge of many voids in that
an impermeable walll so that they remained
ISes the possibility 'rf\cx'ri the by-product in large
Hlf)' of concrete. Thof queshon bears further

mveshgaﬂon. The unit we:ght and. graph ore found in Table 6 and|Fi ngure 3.

AGC2E000171
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TABLE 4 :
Compressive Test Results |
| Day 7 Days | ] ) 28 Days
Individual Individual - Average I}\dividuoll Average
(psi) (psi) (psi) ' (psi) - (psi)
N 7560 : 9390
ComroI.Concrefe ] 1590 | 7560 | 7560 8840 9{20
e - - 7370 ' 8480 |
8 oz/sx by-product- | . 1630 6800 7060 9200 8840
| - 7160 | o 9270
16 oz/sx by-prf:duct l?90 7600 7280 _ | 9040 9160
i | :
' : 6760 . , " 8520 -
32 oz/sx by-proéuct , |799 6960 . 6860 7600 8060
TABLE 5
Tensile Splitting Tests

28 Days

" Control concrete 690 psi

8 oz/sx by-product’ 600 psil-

16 oz/sx by-product .| 640 psi|-

: .32 oz/sx by-produéf _. | 510 psi

AGC2E000172
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TABLE 6

: Density (pcf) .
Wet tHardened
. !
Control 150.88 151.07
8 oz/sx by-product - .150.88 152.3
16 az/sx by-product. 150.88 152.65
32 oz/sx by-product 151.87 151.4

Slump

(..'i'i'.lIIIIIIII-‘

4
!

‘154.0 -
. 1530 , : - -
': harde ;. “)7/
: ) | \
- i
a / -
= ‘132.0 - -
-
-
<
[
[ )
A LO
\ooo density
© 150.0
: 16 :
) !
fly—ﬁr;o»duco' toz/sk) !

~copy of this standard is appended.

Fi'gure 3

lncredsmg dosage levels of by- produht at fixed water conte
or plos‘hcny, or fresh concrete through 1he normal range of usa
increases the slump linearly through 16 oz per sack of cement.
level the reloﬁonship departs from 'l'inearify with the concrete di
cons:stency. These tests indicate the possnblh‘ty of usmg the by-
e A water reducing admixture if the mutenol can be shown comp
Slump data and graph a

L 14

ents increases the slump,
ge. Doubling the dosage
At the 32 oz treatment
splaying a glossy, bubbly
product as an ASTM Typ
iable to ASTM C 494. A
re found in Toﬁle 7 and
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' -E. Air Contgnf

i o
JABLET K I\ |
] . I
, !
Slump {
Control ' 3.25|in.
8 o0z/sx by-product o : 4.5 lin.
16 oz/sx by-product| - 5.5 lin.
32 oz/sx by-product _ 7.5 jin.
. -8.0 1
7.0 — |
-8.0 :
4.0 - / _ )
3.0 ' ;
' ]
2.0 :
1.0
0 ' —
: .0 8 16 1 82
. d{contreol) | . ‘
.gy-p::'oduu (oz/sk)
______ — -
T e
i T .

- The air content of the trial batches was determined using a pressure meter. . The
-mix design assumed 2 percent air entrapped in the mairix. Since no air ‘entraining agent
was used, air contents larger than 2 percent were deemed attrib utable to the by-product.
Results indicate the by-product entrains air linearly through the [I6 oz per sack treatment .
level. At the 32 oz pér sack ievel the air content was twice as much as the |6 oz per sack

15
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{evel. The concrete containing 32 oz per sock had a very glossy, bubbly appearance

zndlccmng an ‘increased level of air or Igas. The air contenr test cbnﬁrmed this by
" . measuring 4 percent. Although this is not in the detrimental’ range, if used with other air
-entraining agents such as vinsol resin, it could possibly be duffncuh‘ to comrol the amount

-of air generated. ‘The air content data are found in Table 8 and ﬁ'ngure 5.

no
’f. .
T ! P
. - -TABLES. S 1
2N ) . ».-z-ﬂ i )
L A_I_I,’ Content !
. B | A' ) Percent Air .
o . T A ' o :
- Control - o LS
YO ‘ 8 oz/sx by-product | ' 1.75
. . 16 oz/sx by—produc{_’ S 2.0 | o . -
= - 32 éz/s;x by-product . a.'O‘ -
n i
- Lo 0%
T 45 —
n =3
‘ ’ - 3 I . ¢
‘ - N
| : B
! N €
. ° 1
oo 9 | 2.0%
» > ? 175% /
m N R e
’ -1
A a | o | |
- o control) ‘1 16 32
o ' - , _— .y—’fﬁd?l_lé’ (Qzlsk)
. ’ i_’_ - - 'A i . .
o - Figure 5 , o ki
n 1
- | ,’IG !
. | | |
— e e [ 1
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F. Time of Set

All frial batches revealed setting times of opproximafelyg.Z hours S minutes, well

h A ~.within the working range of 2 to 3 hours.
;-

|
!
| t
|
|

‘ l - - G Elosﬁc Modulus
N . The elastic modulus of the concrete fnade vyi'th by-'product s in the normal range of
. : - 3S5x I06 psi to 6.0 x 106 psi. Test results are found in Table 9.
"TABLE ¢

v l o ' ‘ Elastic Médulus

. - N Control - No By-Product - Modulus| (psi)

8oz 1r§atmént . 4.9 x 108 _

16 oz treatment _ - 5.5x 06

=g

32 oz treatment - 4.3 x 06

"H. Leachates

for observation of leachdtes. Particular attention was given to |inspection for discolor-
ation or unusual leaching as evidenced by Crys_tolline' growth on |1he exposed surfaces of
ruptured cylinders. No leaching was observed and no change in pH of the water was
noted. A

n
. After compressive testing, the ruptured cylinder specimens were immersed in water
=
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ENDIX

A. 6.5 sack desigﬁ for cgmént with by~product/cement

B..

C.

4.5 sack design for cement with by-product/cerriént

ASTM-C494, Standard Specifications for Chemical Admixtures

for Concrete

Cement Mill Certificates

w!ithout

|
i

without

" 6.0 sack design for use with increasing quantity of by-product -

.
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CQNCRETE
TECHNOLOGY

B

CORPORATION

monsanT @y -p PRODUCT TESTS
FOR USE WITH CE
: (6:5 sx)

'MENT C AND M

_IB
_

. . . . . . . - |
1123 PORT OF TACOMA ROAD /. TACOM/

\ WASHINGTON 9842] / (206) 383-3545

. CONCRETE MIX DESIGN
- ' ! ' ,
. FINE COARSE ~
ITEM CEMENT SAND | pcgRecaTt | AccRecare | MATER AIR TOTAL
SSD WEIGHT | &1 1325 1987 325%“' 15% 4i73
PERCENT ;
AGGREGATE 40 60 !
WEIGHT !
| speciFic , . o
i | 315 | 2m 2
| assoLuTE | - : : .
ABSOLU 3.1 7.80 N 4.0l 0.41 21.0
. |
MOISTURE |
CONTENT .
}
| ABsoRPTION , . !
PERCENT ] >0 >0 - |
| CORRECTION
PERCENT
'CORRECTION
POUNDS .
BATCH .
WEIGHTS |
GRADATION - PERCENT PASSING
3 Iy - 1" 3/4" 1/2° 3/8" 5/16" | #4  #8 #16 4#30 #50 £100 #200

AGC2E000179




| g CONCRETE = ‘ MON.SAN'I‘ELI%O'DUC;T TESTS
- TECHNOLOGY .|~ FORUSE WITH CEMENT C-AND M
ﬁ”,;'.' 4<:C>RP()RAﬂ<>N L .; | (4.5 |sx)

1

b

~ 1123 PORT OF TACOMA 'ROAD / TACOMA, WASHINGTON 98421 ; (206) 383-3545

. CONCRETE MIX DESIGN

FINE | | COARSE

- ITEM® _ CEMENT SAND AGGREGATE | ASGREGATE HATER ) AR . TOTAL

ssp WEIGHT | 423 | 3o | 208 | 308 k% | 4150

PERCENT
AGGREGATE |
WEIGHT

SPECIFIC
| GravITY

| aBsorute | R | . .
VOLUME 215 . 8.19 . 1225 4.0l 0.41 27.0

MOISTURE N : : 3 R
content |- . |

ABSORPTION

peRCENT | - | >0 >1.0

CORRECTION | S
PERCENT )

CORRECTION
POUNDS

'BATCH
WEIGHTS

i
|
{
i
!
!

GRADATION - PERCENT PASSING

3 De' 1 3/4° 1/2° 3/8" 5/16" #4 - #8 #16 . #30 #50 #100 #200 -

AGC2E000180



CONCRETE E “ | monsAfo B‘!(' PRODUCTZ

TECHNOLOGY - - FOR USE AS BASE DESIGN
. | CORPORATION . INTESTS AS ADMIXTURE
- — —
- 1123 PORT OF TACOMA ROAD /TACOMA WASHINGTON 9842H (206) 383-3545
H o ‘ . CONCRETE MIX DESIGN j - » _
: - ; ‘ T - -'
| _ | Fmve i | coarse f ot
H ITEM | GEMENT SAND AGGREGATE | AGGREGATE WATER | AR TOTAL
" ‘ ! 1 30 , .
SSD WEIGHT o 1333 - Ll 1999 8.33 1%% 4154
] ; 258 :
PERCENT , _ ; ;
AGGREGATE 40 i 60 ;
WEIGHT : § . |
Dot | | | é
GRAVITY 3.S 2.72 ; 2.73 1.0
| ASTheTE 287 | 785 s 413 0.41 - 26.99
A . ;
MOISTURE i
CONTENT | |
ABSORPTION : o |
PERCENT <1.0- S R
) ~ ! ' i
CORRECTION | S
PERCENT - : ] |
CORRECTION B SR D S
POUNDS 5
BATCH g 3
WEIGHTS |
— s z
| | |
GRADATION - PERCENT PASSING !
| ou |es | — | w2 ]| 32| afas| s|
3 g 1" 3/4% 1/2 3/8" 5/16" #4 - #8 #16 430 #50 #100 #200
' | | | S -
| AGC2E000181




